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U.S. Geological Survey (USGS) 
scientists have been conducting surveys 
for juvenile surf smelt (Hypomesus 
pretiosus) and sand lance (Ammodytes 
hexapterus) in Washington’s Puget 
Sound—a large estuarine system adjacent 
to a robust metropolitan area. Surf smelt 
and sand lance are two species of forage 
fish in this region that provide a key link in 
the marine food web between zooplankton 
(tiny aquatic animals) near the bottom 
of the food web and larger fish, seabirds, 
and marine mammals near the top of the 
food web. In Puget Sound, these forage 
fish are consumed by such economically 
and socially valuable predators as salmon, 
killer whales, and many marine birds. The 
surveys, conducted by scientists from the 
USGS Western Fisheries Research Center, 
Columbia River Research Laboratory 
(http://wfrc.usgs.gov/fieldstations/
columbia/), are part of the Coastal 
Habitats in Puget Sound (CHIPS) program 
(http://puget.usgs.gov/).

Surf smelt and sand lance spawn on the 
upper intertidal areas of beaches in Puget 
Sound. As their eggs develop and they 
transform into juvenile fish, they reside 
near the beach for an unknown period of 
time. The movements and distribution of 
these juvenile fish after the spawning peri-
od are poorly understood. We investigated 
the use of nearshore habitats by juvenile 
stages of surf smelt and sand lance be-
cause nearshore areas are commonly used 
as nursery and rearing grounds for other 
species.

Our primary goal was to investigate the 
possible use of eelgrass (Zostera marina) 
habitats by the juvenile life stages of these 
forage fish by comparing their abundance 
in eelgrass areas with their abundance 
in areas without eelgrass. Eelgrass is a 

Juvenile Surf Smelt and Sand Lance in Central Puget Sound, 
Washington—Links in a Complex Food Web
By Theresa L. Liedtke and Collin D. Smith

valued ecosystem component that provides 
cover and forage opportunities for a wide 
variety of species within Puget Sound. 
We hypothesized that juvenile forage fish 
may preferentially select eelgrass areas 
over bare habitats. A secondary question 

that we investigated was the influence 
of open shorelines versus embayments 
on the presence of juvenile forage fish. 
Small embayments—which are in decline 
in Puget Sound owing to the building of 

USGS crew members (left to right) Theresa “Marty” Liedtke, Lisa Gee, Ryan Tomka, and Collin 
Smith hauling a sampling net over an eelgrass bed on Bainbridge Island, Washington. USGS photo-
graph by David Ayers. 

Juvenile sand lance (Ammodytes hexapterus) (top) and surf smelt (Hypomesus pretiosus) (bottom) 
collected on Bainbridge Island, Washington. Scale is in inches. USGS photograph by David Ayers. 
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(Forage Fish continued from page 1)

(Forage Fish continued on page 3)

roads and other shoreline development, 
such as housing and marinas—are valu-
able habitats for juvenile salmon. We hy-
pothesized that embayments might also be 
an important habitat for forage fish, which 
are known to school with juvenile salmon. 
Combining these questions, we selected 
study sites in central Puget Sound that are 
either in embayments or on open shore-
lines, with or without eelgrass. At each 
study site, our objectives were to (1) as-
sess the relative abundance of forage fish, 
(2) describe the extent and characteristics 
of eelgrass beds (if present), and (3) col-
lect and identify prey items found in the 
nearshore and in dissected juvenile forage 
fish to evaluate food-web linkages. 

Surveys for juvenile surf smelt and sand 
lance were conducted during May and 
June 2012 near Bainbridge Island, Wash-
ington, in central Puget Sound (see map). 
We captured, counted, and released more 
than 2,500 juvenile surf smelt and 59,000 
juvenile sand lance. Our preliminary 

observations indicate that sand lance are 
most abundant in areas without eelgrass 
and that surf smelt have similar abundance 
in eelgrass and non-eelgrass areas. Both 
species appear to prefer embayments to 
open shorelines. Sand lance were caught 
infrequently but in very high abundance. 
Surf smelt, on the other hand, appeared 
to be more broadly distributed and were 
commonly captured in low numbers at all 
study sites.

We investigated the food habits of these 
forage fish by sampling their potential 
prey items, such as zooplankton and mac-
roinvertebrates (animals that lack back-
bones and are big enough to be seen with 
the naked eye). These items were collected 
with plankton nets and from samples of 
sediment and vegetation. Some samples 
of captured juvenile surf smelt and sand 
lance were retained for diet and stable iso-
tope analysis, which will allow us to map 
the fishes’ position in the food web. The 

Central Puget Sound, Washington, showing location of forage fish study area. 
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Fieldwork, continued

Research

(Forage Fish continued from page 2)

(Gas Hydrate Research continued on page 4)

samples that the team collected during this 
survey are currently being analyzed, and 
the results will be integrated with other 
components of the CHIPS program, allow-
ing us to better understand the role of for-
age fish in the marine food web of Puget 
Sound.

This study is part of a larger effort 
within the Effects of Urbanization project 
task under the CHIPS program (http://
puget.usgs.gov/urban/). CHIPS is an 
interdisciplinary collaboration designed 
to coordinate, integrate, and link USGS 
studies with the goals and objectives of 
Federal, State, Tribal, and local govern-
ments, along with nongovernmental orga-
nizations (NGOs), universities, and private 
industry. The efforts described here will be 

USGS crew member Lisa Gee 
retrieves a plankton net that was 
deployed to sample potential prey 
items of juvenile forage fish. USGS 
photograph by David Ayers.

integrated with current and future habitat 
assessments. 

If you would like additional information 
about this work, please contact Theresa 
Liedtke (tliedtke@usgs.gov). To view a 
selection of photographic highlights from 
this survey, visit the USGS Facebook page 
at https://www.facebook.com/media/se
t/?set=a.451665814879407.102143.102
635589782433&type=1. A USGS Fact 
Sheet about forage fish studies in Puget 
Sound is posted at http://pubs.usgs.gov/
fs/2012/3023/.] 

[Expanded from USGS Science Features: 
Top Story at http://www.usgs.gov/blogs/
features/usgs_top_story/groundbreak-
ing-gas-hydrate-research/] 

As widely reported in the news media, Ja-
pan produced methane from deepwater gas 
hydrate deposits for the first time in March 
2013. This crucial milestone along the 
research-and-development pathway toward 
proving that gas hydrates may eventually be 
an energy resource was achieved by Japan’s 
Research Consortium for Methane Hydrate 
Resources (known as MH21, http://www.
mh21japan.gr.jp/english/). Two months 
earlier, in January 2013, U.S. Geologi-
cal Survey (USGS) Gas Hydrates Project 
personnel from the Woods Hole Coastal 
and Marine Science Center in Woods Hole, 
Massachusetts, collaborated with research-
ers from the Georgia Institute of Technology 
(Georgia Tech); the Japan Oil, Gas and Met-
als National Corporation (JOGMEC, http://
www.jogmec.go.jp/english/); and Japan’s 
National Institute of Advanced Industrial 
Science and Technology (AIST, http://
www.aist.go.jp/index_en.html) to analyze 
special sediment cores retrieved from the 
area of the deepwater production test. The 
collaboration continues a long-standing rela-

Groundbreaking Gas Hydrate Research
By Carolyn Ruppel, Jessica Robertson, and Brenda Pierce

tionship between national methane hydrates 
research programs in Japan and the United 
States, and it represents the first time that 
U.S. researchers have been directly involved 
in studying Japanese gas hydrate samples.

What are Gas Hydrates?

Gas hydrates are a naturally occurring, 
ice-like form of methane gas combined 
with water. They sequester large amounts of 
methane, making them a potentially signifi-
cant source for natural gas around the world.

Gas hydrates form when methane—and 
sometimes other gases—combines with 
water at specific pressure and temperature 
conditions. These pressure-temperature 
conditions keep the gas hydrate “stable,” 
meaning it is intact and gases are con-
tained in a solid form. Gas hydrates are 
widespread in marine sediments beneath 
the ocean floor and in sediments within 
and beneath permafrost.

Premier Research in Japan Enhances 
Understanding in the United States

In 2012, JOGMEC and AIST research-
ers used innovative technology to retrieve 
and preserve sediment samples contain-

Methane hydrate is sometimes called “the ice 
that burns” because the warming hydrates 
release enough methane to sustain a flame. 
USGS photograph by J. Pinkston and L. Stern.
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Research, continued

Research

(Gas Hydrate Research continued from page 3)

(Gas Hydrate Research continued on page 5)

ing gas hydrate from the seafloor in the 
Nankai Trough area, offshore Japan. Such 
well-preserved hydrate-bearing sediment 
samples are rare. They are preserved as 
“pressure cores,” with the gas hydrates 
maintained at the pressure at which they 
formed beneath the seafloor. Maintain-
ing these pressure conditions and storing 
the recovered cores at low temperatures 
in walk-in freezers ensure that the gas 
hydrate in the cores remains intact. Re-
searchers have been refining pressure-
core technology since the 1990s, and the 
version of the pressure corer used in the 
Nankai Trough was designed specifically 
to retrieve coarse-grained (for example, 
sandy) hydrate-bearing sediments, where 
the highest saturations of gas hydrate are 
likely to occur. The pressure corer used 
offshore Japan was developed as part of an 
ongoing collaboration among Japan, the 
U.S. Department of Energy (DOE, http://
energy.gov/), and the Gulf of Mexico 
Gas Hydrate Joint Industry Program (JIP, 
http://gomhydratejip.ucsd.edu/).

Innovative Technology to Study  
the Samples

During January’s joint laboratory program 
in Sapporo, Japan, U.S. and Japanese 
researchers analyzed the pressure cores using 
specialized devices that keep the cores at 
their natural, stable conditions. The devices, 
called Pressure Core Characterization 
Tools (PCCT), were designed and built by 
geotechnical engineer Carlos Santamarina 
at Georgia Tech, with long-term support 
from DOE and JIP. Examples of PCCT 
devices are a manipulator for moving 
pressure cores from storage chambers into 
various testing chambers, special pressure 
vessels that measure the strength of the 
sediments and how quickly fluids can flow 
through them, and a biological chamber 
that can be used to study the microbes 
that live in the deep-sea sediments. (Learn 
more from PDF file at http://www.
iodp.org/doc_download/3531-44-
48sd14pressurecorepdf [692 KB].) 

A key tool in the suite of PCCT in-
struments is the Instrumented Pressure 
Testing Chamber (IPTC), which was the 
first device capable of measuring certain 
properties of pressure cores without first 
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Japan, showing location of the 
drill site (red dot) where the 
Research Consortium for Meth-
ane Hydrate Resources in Japan 
(MH21, http://www.mh21japan.
gr.jp/english/) produced meth-
ane from deepwater gas hydrate 
deposits in March 2013. The gas 
hydrate-bearing pressure cores 
studied by U.S. and Japanese re-
searchers in January 2013 came 
from the same location. White 
curve shows trench where the 
Pacific plate subducts beneath 
Japan and the Philippine Sea 
plate. Black curve indicates the 
Nankai Trough, where the Philip-
pine Sea plate subducts beneath 
Japan.

International team studying gas hydrates in Japan, January 2013. Front row, kneeling: Jun Yoneda 
(Japan’s National Institute of Advanced Industrial Science and Technology [AIST]). Front row, 
standing, left to right: Yoshihiro Konno (AIST), Jiro Nagao (AIST), Marco Terzariol (Georgia Tech), 
William Winters (USGS), Junbong Jang (Georgia Tech), Kiyofumi Suzuki (Japan Oil, Gas and Met-
als National Corporation [JOGMEC]), Sheng Dai (Georgia Tech), Tetsuya Fujii (JOGMEC), and Emile 
Bergeron (USGS). Back row, standing, left to right: William Waite (USGS), Efthymios Papadopou-
los (Georgia Tech), David Mason (USGS), and Carlos Santamarina (Georgia Tech). Photograph 
courtesy of William Winters, USGS.

depressurizing them. The IPTC was built 
by Georgia Tech in 2005 and has previ-
ously been deployed by Santamarina and 
his graduate students to analyze pressure 
cores obtained from the Gulf of Mexico, 
offshore India, and the Ulleung Basin 
offshore Korea. USGS researchers, led by 
engineer Bill Winters and Gas Hydrates 
Project laboratory chief Bill Waite, now 

operate, maintain, and spearhead im-
provements to the IPTC, with technical 
assistance from USGS technicians Dave 
Mason and Emile Bergeron (http://
woodshole.er.usgs.gov/project-pages/
hydrates/lab.html). 

Testing the PCCT instruments in Ja-
pan was an important step in preparing 

http://energy.gov/
http://energy.gov/
http://gomhydratejip.ucsd.edu/
http://www.iodp.org/doc_download/3531-44-48sd14pressurecorepdf
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Research, continued

(Gas Hydrate Research continued from page 4)

USGS and Georgia Tech researchers for 
the analysis of pressure cores that may be 
obtained in the future from gas hydrate 
deposits in the deepwater Gulf of Mexico 
and on the Alaskan North Slope. Along 
with offshore Japan, these areas are ideal 
locations for future research to assess the 
occurrence and production potential of 
gas hydrates. 

USGS Weighs In

“This research will not only help us 
understand the character of gas hydrates in 
Japan, but we can also apply that knowl-
edge, as well as this innovative technology 
and approach, to understand the potential 
in the U.S. and around the world,” said 
Brenda Pierce, USGS Energy Resources 
Program Coordinator. “This project brings 
together international experts, each with 
specialized knowledge to share about 
these important hydrate deposits. The 
USGS is excited that our Japanese col-
leagues have invited us to participate in 
this project along with Georgia Tech.”

Mini-Production Tests and  
Future Publications

The IPTC is also capable of conducting 
mini-production tests on hydrate-bearing 
sediments. During these tests, cores are 
depressurized at closely controlled rates 
to break down the methane hydrate and 
release natural gas. By measuring the vol-
ume of gas produced and the rate of pro-
duction, insight may be gained regarding 
the potential behavior of the gas hydrate 
reservoirs. Georgia Tech has previously 
completed such tests on pressure cores 
from offshore India and Korea. 

As part of the program in Japan, AIST 
manufactured an IPTC for completion of 
laboratory production tests on the Nankai 
Trough pressure cores. Coupling the re-
sults of mini-production tests with those 
from field-scale tests done in March 2013 
will yield new insights that may lead to 
the realization of gas hydrates as an en-
ergy resource. 

Financial Support

This collaborative research in Japan 
was financially supported by MH21, the 
USGS, DOE, and JIP.

USGS Gas Hydrates Project

The USGS Gas Hydrates Project 
(http://woodshole.er.usgs.gov/project-
pages/hydrates/) is a globally recognized 
research effort that focuses on energy, 
climate, and geohazard issues associated 
with natural-gas hydrates. Research 

Scientists from Japan’s National Institute of Advanced Industrial Science and Technology (AIST); 
Japan Oil, Gas and Metals National Corporation (JOGMEC); Georgia Tech; and the USGS prepare 
to analyze pressure cores in January 2013 as part of a multi-year gas hydrates research project 
in Japan. Left to right: Junbong Jang (Georgia Tech), David Mason (USGS), Carlos Santamarina 
(Georgia Tech), and Emile Bergeron (USGS). A ball valve has just been opened, allowing a pres-
sure core to be transferred using a manipulator (background) from a short-term storage chamber 
(center) through a ball valve, into the Instrumented Pressure Testing Chamber (IPTC) where it will 
be tested. Additional photographs of the international research team conducting analysis in Japan 
are posted at the USGS Multimedia Gallery, http://gallery.usgs.gov/tags/GasHydrates. USGS photo-
graph by William Winters.

Gas hydrate re-
covered in shallow 
layers just below 
the seafloor during 
piston coring in the 
Mississippi Canyon 
in the northern Gulf 
of Mexico in 2002. 
Photograph courtesy 
of William Winters, 
USGS.

locations include the northern Gulf of 
Mexico, the Alaskan North Slope, the 
Arctic Ocean, the Bering Sea, and the 
U.S. Atlantic Ocean margin, as well as 
Japan, India, and Korea (http://energy.
usgs.gov/OilGas/UnconventionalOilGas/
GasHydrates.aspx).]

http://woodshole.er.usgs.gov/project-pages/hydrates/
http://woodshole.er.usgs.gov/project-pages/hydrates/
http://gallery.usgs.gov/tags/GasHydrates
http://energy.usgs.gov/OilGas/UnconventionalOilGas/GasHydrates.aspx
http://energy.usgs.gov/OilGas/UnconventionalOilGas/GasHydrates.aspx
http://energy.usgs.gov/OilGas/UnconventionalOilGas/GasHydrates.aspx
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Research, continued

(Climate Impacts Tool continued on page 7)

Research

U.S. Geological Survey (USGS) sci-
entists, in collaboration with the National 
Oceanic and Atmospheric Administration 
(NOAA) and PRBO Conservation Science 
(formerly Point Reyes Bird Observatory), 
recently released the beta version of an in-
teractive tool for assessing climate-change 
impacts along the north-central California 
coast. The new Climate Impacts Tool, 
which currently covers the California 
coastline from Half Moon Bay to Bodega 
Bay (see map), was posted on February 
20, 2013, at http://data.prbo.org/apps/
ocof/. The new tool is part of Our Coast 
Our Future (OCOF), a project that seeks 
to provide science-based decision-support 
tools to natural-resource managers, local 
governments, and others in the San Fran-
cisco Bay region to help them understand, 
visualize, and anticipate local coastal 
climate-change impacts within the bay and 
along the outer coast.

The technical underpinning of the new 
Climate Impacts Tool is the Coastal Storm 
Modeling System (CoSMoS), a numerical 
modeling system developed by the USGS 
and Netherlands-based research institute 
Deltares (http://www.deltares.nl/en) to 
predict coastal flooding caused by both 
sea-level rise and storms driven by climate 
change.

Sea level along the California coast is 
expected to rise by as much as 1.7 meters 
(approximately 6 feet) by 2100 (National 
Research Council, 2012, http://www.
nap.edu/catalog.php?record_id=13389). 
Winter storms can elevate coastal water 
levels by an additional 5 meters (approxi-
mately 16 feet) or more, primarily because 
of large waves and storm surge (rise in 
water level caused by low atmospheric 
pressure and wind). The additional water-
level rise caused by severe storms is ad-
dressed in the CoSMoS modeling system, 
enabling its users to more accurately as-
sess the future vulnerability of coastlines 
to flooding caused by climate change.

CoSMoS modeling begins with feed-
ing the results of the latest global climate 
models (from an international clearing 

Interactive Tool for Assessing Climate-Change Impacts Along the North-Central 
California Coast Supported by USGS Modeling System
By Patrick Barnard and Helen Gibbons

house at http://cmip-pcmdi.llnl.gov/
cmip5) into a global wave model to pre-
dict wave conditions for the U.S. west 
coast through 2100. These offshore wave 
conditions, combined with predicted tides 
and storm surge, are scaled down to the 
local level with state-of-the-art numerical 
modeling tools to predict coastal water 
levels. The water levels are then projected 
onto a digital elevation model (DEM) with 
a 2-meter grid (a grid consisting of squares 

2 meters on a side, with each square as-
signed an elevation value). DEMs, like the 
more familiar topographic maps, show the 
shape and elevation of the ocean floor and 
land surface; projecting predicted water 
levels onto coastal DEMs can be used to 
estimate the likely extent of flooding. For 
the north-central California coast, CoS-
MoS has performed this exercise across 
the full plausible range of anticipated sea-

Unusually high tides, 
sometimes called “king 
tides,” offer a preview 
of coastal flooding likely 
to result from rising sea 
level. In this photograph, 
taken during a king tide 
on February 17, 2011, 
waves overtop Pier 14 in 
San Francisco, California. 
(Towers in background 
are supports of the San 
Francisco-Oakland Bay 
Bridge.) Photograph 
by Mike Schweizer 
(http://www.flickr.
com/photos/9351872@
N07/5453838525/in/pool-
bayareakingtides/).

Muir Beach

PACIFIC OCEAN

San Francisco Bay

Half Moon Bay

Point Reyes

San 
Francisco

Screenshot of interactive map (with added place names) from Our Coast Our 
Future (OCOF) Web site (http://data.prbo.org/apps/ocof/). Map shows most 
of the shoreline currently covered by the Climate Impacts Tool for assessing 
climate-change impacts along the north-central California coast, from Half 
Moon Bay to Bodega Bay, California (Bodega Bay is just beyond top of map). 
White arrow points to location of Muir Beach images, below.
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Research, continued

Outreach

Research, Outreach

(Sooty Shearwater Display continued on page 8)

(Climate Impacts Tool continued from page 6)

level rise and storm conditions predicted 
by the global climate models. 

The USGS CoSMoS team includes 
project manager Patrick Barnard (who 
is also co-principal investigator, along 
with Grant Ballard of PRBO Conserva-
tion Science, on the Our Coast Our Future 
project), lead modeler/coastal engineer Li 
Erikson, geologist Amy Foxgrover, and 
oceanographer Andy O’Neill. Deltares 
collaborators include Maarten van Or-
mondt and Edwin Elias.

The CoSMoS team is currently expand-
ing the modeling system to support coast-
al-management decisions along shorelines 
in San Francisco Bay and southern Cali-
fornia. CoSMoS not only can serve as a 
long-term planning tool, but—when ex-
treme storms are approaching—is capable 
of serving as a real-time warning system 
for emergency managers, lifeline opera-
tors, and resource managers.

Learn more about CoSMoS in The 
Framework of a Coastal Hazards Model—
A Tool for Predicting the Future Impact of 
Severe Storms (USGS Open-File Report 
2009–1073) at http://pubs.usgs.gov/
of/2009/1073/ or contact Patrick Bar-
nard, pbarnard@usgs.gov. Learn more 
about Our Coast Our Future at http://
data.prbo.org/apps/ocof/. For an expla-
nation of climate modeling, see http://
www.wmo.int/pages/themes/climate/
climate_models.php.]

Screenshots of Our Coast Our Future (http://data.prbo.org/apps/ocof/) interac-
tive map views of Muir Beach, California. Upper image shows present coastline 
during non-storm conditions. Lower image shows extent of flooding predicted by 
the recently released Climate Impacts Tool if the area is subjected to a sea-level 
rise of 75 centimeters (about 30 inches) and elevated water levels caused by a 
20-year-recurrence-interval coastal storm with an offshore wave height of 9.1 
meters (approximately 30 feet).

Research by seabird ecologists Josh 
Adams of the U.S. Geological Survey 
(USGS), James Harvey of Moss Landing 
Marine Laboratories (MLML), and their 
colleagues is on display at a new boating-
instruction and safety center at the Chan-
nel Islands Harbor in Oxnard, California. 
The display was designed in part by 
seabird ecologist Bill Henry (USGS and 
MLML), who is working with Adams on 
additional outreach, including a California 

Sooty Shearwater Migration on Display in  
Channel Islands National Marine Sanctuary

Sooty Shearwater 
(Puffinus griseus) 
taking flight offshore 
of Capitola, Cali-
fornia, in the Mon-
terey Bay National 
Marine Sanctuary. 
USGS photograph 
by Jonathan Felis, 
taken September 11, 
2012.

http://pubs.usgs.gov/of/2009/1073/
http://pubs.usgs.gov/of/2009/1073/
mailto:pbarnard@usgs.gov
http://data.prbo.org/apps/ocof/
http://data.prbo.org/apps/ocof/
http://www.wmo.int/pages/themes/climate/climate_models.php
http://www.wmo.int/pages/themes/climate/climate_models.php
http://www.wmo.int/pages/themes/climate/climate_models.php
http://data.prbo.org/apps/ocof/
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Current Seabird Telemetry Atlas. The new 
display is part of a “Crossroads of the Un-
derwater World” exhibit, highlighting the 
Channel Islands National Marine Sanctu-
ary’s role as a global destination for forag-
ing whales and seabirds. 

Adams and colleagues tracked Sooty 
Shearwaters (Puffinus griseus) with min-
iature satellite transmitters. Their goal was 
to identify the birds’ critical at-sea feeding 
grounds and residence times within the 
U.S. Exclusive Economic Zone (from the 
coastline out to 200 nautical miles) and 
within the U.S. west coast’s five National 
Marine Sanctuaries (http://sanctuaries.
noaa.gov/about/westcoast.html). The 
results of their research were reported in 
the November–December 2012 issue of 
Biological Conservation (http://dx.doi.
org/10.1016/j.biocon.2011.12.032). Wild-
life and resource managers may use their 
tracking data to selectively protect key 
habitat areas from harm.

Funded in part by California Sea Grant, 
the satellite-tracking study documents 
the important foraging hotspots within 
the California Current ecosystem. Sooty 
Shearwaters travel tens of thousands of 
miles a year, one of the longest animal 
migrations ever documented. The birds are 
also famous for forming flocks so massive 
they turn the sky dark.

“We see all these birds coming from so 
far away to our local waters,” said Julie 
Bursek, an education and outreach coor-
dinator with the Channel Islands National 
Marine Sanctuary, managed by the Na-
tional Oceanic and Atmospheric Admin-
istration (NOAA). “The science helps us 
develop our message of why the Channel 
Islands are such a special and important 
area for marine life.”

The Channel Islands Boating Center 
(http://www.ciboatingcenter.org/), which 
officially opened April 3, 2012, is operated 
by California State University Channel 
Islands as a center for boating, kayaking, 
rowing, and other water sports. NOAA 
Channel Islands National Marine Sanctu-
ary (http://channelislands.noaa.gov/) 
will lead marine education and outreach 
programs in collaboration with its many 
partners.]

Flock of Sooty Shearwaters (Puffinus griseus) offshore of Capitola, California, in the Monterey Bay 
National Marine Sanctuary. USGS photograph by Jonathan Felis, taken September 11, 2012.

Excerpt from Sooty Shearwater display at new Channel Islands Boating Center (http://www.
ciboatingcenter.org/). (Visit http://soundwaves.usgs.gov/2013/04/outreach.html to view larger size.)

http://sanctuaries.noaa.gov/about/westcoast.html
http://sanctuaries.noaa.gov/about/westcoast.html
http://dx.doi.org/10.1016/j.biocon.2011.12.032
http://dx.doi.org/10.1016/j.biocon.2011.12.032
http://www.ciboatingcenter.org/
http://channelislands.noaa.gov/
http://www.ciboatingcenter.org/
http://www.ciboatingcenter.org/
http://soundwaves.usgs.gov/2013/04/outreach.html
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Seagrasses provide crucial habitat for 
fish, birds, and invertebrates and serve as 
indicators of nearshore ecosystem health. 
As evidence of its ecological value, eel-
grass (Zostera marina), one of six species 
of seagrass in the Pacific Northwest, is pro-
tected by a no-net-loss policy for shoreline 
development in the State of Washington. 
Moreover, Washington has set a target of 
increasing eelgrass habitat in Puget Sound 
by 20 percent by the year 2020. Near-term 
seagrass protection and enhancement 
goals in the Pacific Northwest could be 
affected by climate-change components 
that alter nearshore atmospheric, oceanic, 
and coastal attributes and processes, such 
as changing temperature, storminess, pre-
cipitation, runoff, sea level, upwelling, and 
ocean acidification. To explore the implica-
tions of such changes for seagrass research, 
restoration, resilience, and adaptation, 35 
climatologists, seagrass researchers, and 
resource managers from universities, the 
Northwest Indian College, and State and 
Federal agencies gathered at the University 
of Washington’s Friday Harbor Laborato-
ries January 23–25, 2013, for a workshop 
titled “The Future of Pacific Northwest 
Seagrasses in a Changing Climate.” The 
goals of the workshop—cosponsored by 
the U.S. Geological Survey (USGS), the 
Washington Department of Natural Re-
sources, the U.S. Environmental Protection 
Agency, and Washington Sea Grant—were 
to quantify impacts and mechanisms, dis-
cuss the current state of scientific knowl-
edge, and identify critical issues, data gaps, 
and uncertainties.

The 2½-day workshop began with an 
introductory talk and question-and-answer 
session by Guillaume Mauger, a clima-
tologist in the University of Washington’s 
Climate Impacts Group who described Pa-
cific Northwest climate variability, climate 
change, and uncertainties about future pro-
jections out to 2100. The main body of the 
workshop consisted of six topical sessions 
about climate-change components impor-
tant for Pacific Northwest seagrasses. Each 
session began with a short topical talk by 
a guest speaker: W. Jud Kenworthy (re-
tired National Oceanic and Atmospheric 

Future of Pacific Northwest Seagrasses in a Changing Climate
By Renee K. Takesue

Administration [NOAA]) spoke about wa-
ter temperature; Andrew Stevens (USGS) 
about storminess; Ken Moore (Virginia 
Institute of Marine Sciences), precipita-
tion and runoff; John Rybczek (Western 
Washington University), sea-level rise; 
Francis Chan (Oregon State University), 
coastal upwelling; and Dick Zimmerman 
(Old Dominion University) and Justin 
Campbell (Smithsonian Institution), 
ocean acidification. The talks were fol-
lowed by 2 to 3 hours of round-table dis-
cussion about implications for seagrasses 
in coastal estuaries of northern California, 
Oregon, Washington, and British Colum-
bia and in the inland seas of Puget Sound 
and the Strait of Georgia (a body of water 
between Canada’s Vancouver Island and 
British Columbia). Scientific posters dis-
played in gathering areas plus long lunch 
breaks and evening social hours fostered 

informal discussions and interactions 
among participants.

Workshop attendees agreed that there 
could be more negative than positive im-
pacts of climate change on Pacific North-
west seagrasses; however, they recognized 
that certain components could have dispro-
portionate effects. For example, eelgrass, 
which depends on aqueous carbon dioxide 
(CO2) as a carbon source, may benefit 
several-fold from higher seawater CO2 
concentrations projected to result from in-
creasing atmospheric CO2. A 1 to 2 degree 
Celsius (°C) increase in temperature, on 
the other hand, may have less of an effect 
because it is projected to occur mainly in 
winter, when water temperature averages 
only 8° C. Such an increase would be 
well within the tolerance range of Pacific 
Northwest seagrasses. 

USGS geochemist Renee 
Takesue installing a sensor 
to monitor turbidity over an 
eelgrass (Zostera marina) 
bed near the Nisqually Delta 
restoration site in Puget 
Sound, Washington, where 
increased water and sedi-
ment fluxes resulting from 
dike-breaching could impact 
eelgrass habitat. Photograph 
courtesy of Michael Imes.
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Although first-order climate-change im-
pacts were the primary focus of the work-
shop, indirect impacts—such as nutrient-
induced algal blooms, sediment runoff 
from watersheds, cascading effects in the 
food web, and human interactions—could 
also affect seagrass resilience and adapta-
tion in a changing climate. Hydrodynamic 
and ecologic models already under de-
velopment by several of the workshop 
participants were recognized as a way to 
understand the complexity of ecosystem 
linkages and feedbacks resulting from cli-
mate change in the Pacific Northwest.

At the end of the workshop, participants 
volunteered to coauthor three publications 
about the workshop and its outcomes: (1) 
an executive summary in a citable report 
series for distribution to general audi-
ences; (2) a peer-reviewed journal article 
summarizing workshop discussions and 
conclusions for the international seagrass 
research community; and (3) a peer-
reviewed journal article for resource man-
agers, presenting restoration priorities and 
recommendations for seagrass protection, 
conservation, and enhancement.]

Canada Geese (Branta canadensis) grazing on eelgrass (Zostera marina) in Puget Sound, Wash-
ington. David Ward, biologist at the USGS Alaska Science Center, reported at the “Future of Pacific 
Northwest Seagrasses in a Changing Climate” workshop that temperature-induced shifts in the 
growing season of eelgrass can affect migratory pathways of waterfowl, such as Black Brants 
(Branta bernicla nigricans), that depend on this seagrass. USGS photograph by Renee Takesue.

Melissa Foley has joined the U.S. 
Geological Survey (USGS) Pacific 
Coastal and Marine Science Center as 
a postdoctoral researcher in the USGS 
Mendenhall Research Fellowship Program 
(http://geology.usgs.gov/postdoc/). 

Melissa received her Ph.D. in marine 
ecology from the University of California, 
Santa Cruz, where her research focused 
on the movement of materials across the 
land-sea interface and the influences of 
land-based materials on nearshore marine-
ecosystem structure and functioning. 
After earning her Ph.D., Melissa was 
an early career fellow at Stanford 
University’s Center for Ocean Solutions, 
where she worked on the center’s 
Ecosystem Health Initiative (http://www.
centerforoceansolutions.org/initiatives/
ecosystem-health-initiative).

USGS Postdoctoral Researcher Studying Effects of  
Dam Removal on Marine Ecosystems

Melissa is focusing her USGS postdoc-
toral work on how two large dam remov-
als on the Elwha River in the State of 
Washington will affect marine ecosystems. 

“The timing of her hiring could not be 
more perfect,” said USGS geologist Jon 
Warrick, one of Melissa’s co-advisors, 
“because we are just beginning to see large 
changes in the Elwha nearshore morphol-
ogy from the massive releases of sediment 
into the river.” 

Melissa’s postdoctoral work will focus 
mostly on the patterns and impacts of 
turbidity, sedimentation, and nutrient flux 
related to the dam removals—a focus that 
will make her work applicable to other 
large-scale restoration and sediment-man-
agement activities around the world. 

In addition to Warrick, Melissa’s co-
advisors are Amy Draut (USGS), Chris 

Magirl (USGS), Jennifer Bountry (U.S. 
Bureau of Reclamation), and Matt Beirne 
(Lower Klallam Elwha Tribe).

Welcome, Melissa!]

Melissa Foley

http://geology.usgs.gov/postdoc/
http://www.centerforoceansolutions.org/initiatives/ecosystem-health-initiative
http://www.centerforoceansolutions.org/initiatives/ecosystem-health-initiative
http://www.centerforoceansolutions.org/initiatives/ecosystem-health-initiative
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